Published by the Aerospace Corporation with Permission

NORTHROP l
GRUMMAN

Crossing ‘the Valley of Death’ of Technology
Development

From Technology Readiness Level 4 through 6

Dr. D. Tan
2022.02.08



Outline

NORTHROP
GRUMMAN

Concept

felel}
=

Customer

Robustness

Iteration

Approved for Public Release: NG22-0187 © 2022, Northrop Grumman

Insertion

P&C

Experience




NORTHROP
GRUMMAN

Recap of the TRL (NASA, last updated Oct. 28, 2012)

@/ NASA/DOD Technology Readiness Level

Technology Readiness Level

o7 \
Technn\ngy Readiness Le}fe\s (TRL) are a type of measurement §ystgm used to assess 2'““ T% Launch L9 Achlal .ysum “f"gh‘ proven" through wm“'l"
the maturity level of a particular technology. Each technology project is evaluated against TR
the parameters for each technology level and is then assigned a TRL rating based on the ——— — ml“'on openﬂons
projects progress. There are nine technology readiness levels. TRL 1 is the lowest and — - e
TRL s the highest TRL S8 Actual system completed and “flight qualified”
When a technology is at TRL 1, scientific research is beginning and those results are MW — mrough tes' and demor‘"ratlon (Ground or thht)
being translated into future research and development. TRL 2 occurs once the basic
principles have been studied and practical applications can be applied to those initial TRL7 sy't.m pmtoty” demonstration in a space
findings. TRL 2 technology is very speculative, as there is little to no experimental proof o environmnt
of concept for the technology. Toehnology
When active research and design begin, a technology is elevated to TRL 3. Generally Demonstration sy't"n/'um't'm mOd“ or prOtow d'mon'tra"on
both analytical and laberatory studies are required at this level to see if a technology is ‘n a re'evaﬂ' envl'onment (GfOUﬂd or space)
viable and ready to proceed further through the development process. Often during TRL
3. a proof-of-concept modal is constructad 1' Component and/or breadboard validation in relevant
Once the proof-of-concept technology is ready, the technology advances to TRL 4. During TRL 4, mm“ enVifonmnt
multiple component pieces are tested with one another. TRL 5 is a continuation of TRL 4, however, a
tachnology that is at 5 is identified as a breadboard technology and must undergo more rigorous component andor bfﬂadbo.l’d Va"dﬂuon in labor.tofy
testing than technology that is only at TRL 4. Simulations should be run in environments that are as me
close to realistic as possible. Once the testing of TRL 5 is complete, a technology may advance to TRL Research to env'ron nt
6. ATRL 6 technology has a fully functional prototype or representational model m|wny

Analytical and experimental critical function and/or
TRL 7 technology requires that the working model or prototype be demonstrated in a space chamteﬂsﬂc pfoof-of-concep'
envirenment. TRL 8 technology has been tested and "flight qualified” and it's ready for implementatien

into an already existing technology or technology system. Once a technology has been "flight proven™ Bas Tlchnolomr
during a successful mission, it can be called TRL 9. e

Technology concept and/or application formulated

Basic principles observed and reported
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The Innovation S-Curve and the TRLsS
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‘The Valley of Death’

S-Curve

Business Life Cycle

Growth

Valley of Death

>

Time advantagewoman.com
_ IS
N

Approved for Public Release: NG22-0187 © 2022, Northrop Grumman



NORTHROP
GRUMMAN

‘The Valley of Death’

- ldea: Developing a technology from initial conception to a major flight program
Insertion is a daunting task even if you have a brilliant idea to start with

e TRL 1 - 3: Creative Phase

—Where you or your team members have some brilliant ideas and can quickly validate
with simulations or PoC boarding efforts

 TRL 7 — 9: Flight Insertion & Product Development Phase

—Where you succeed in technology insertion and it is now an engineering effort to
further develop to flight

e TRL4 —6: Tech Demo Phase

—Where many bright ideas cannot mature through TRL 4 - 6 even after successfully
making through TRL 1 - 3 on IRAD

« People frequently refer the process of making from TRL 4 through 6 “the
valley of death of technology development”
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‘The Valley of Death’

The Valley of Death phenomena are due to the following factors

\ 1. Technical
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‘The Valley of Death’
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The Valley of Death phenomena are due to the following factors

2. ‘Political |

1.

Having a hard
time to obtain
insertion —
“the killer app”

generic EM justify instance

3 4.

2. Inability to The step People prefer
secure function in EM to reuse EM
sufficient funding was than funding

funding for a too hard to EM testing, for

Approved for Public Release: NG22-0187 © 2022, Northrop Grumman



NORTHROP
GRUMMAN

Customer: Benefits, Support & Satisfaction

* Smaller
power size

* Smaller
thermal
removal
system size

* Smaller
battery size

* Smaller solar
array size
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Customer: Support
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On time
delivery of
program
contractual
deliverables

J

Support to
keep the
program
sold/for new
opportunities

J

—

Monthly status/TIMs/Reviews/Final review and
final report

Working hardware for show-n-tell (Demo)
Supports above and beyond contractuals
Early reports on potential problems

Tutorials to help them to understand in simple
terms, enabling them to communicate more
effectively in their community

Background informational materials for the
customer to sell the program

On call for consultation as always

S
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Customer: Satisfaction
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Robustness of New Technology
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A simple solution
to a complex
problem:
The highest form
of engineering
innovation
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Robustness of New Technology
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Novelty is the
name of the
game for
innovation

f

But it has to be
balanced with the
robustness

Overly complex
solutions tend to
have problems
later on

Robustness is
critical for your
performance on
the TD and for
eventual
technology
insertion
Prefer a
converter

topology that is

hard to kill

switching devices
over one with a

bit higher

efficiency, but
less robust
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Traditional Development Cycle

» Typical programs have
one design cycle

— One hardware iteration

— Latent escapes show up
late

— High technical risk
— High schedule risk
— Low customer satisfaction

One
Design

Customer Interaction / Seed
Requirements Development
Key Performance Parameters
Iteration Plan

Task Breakdown

YL

agprwNE
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et I --
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Preferred Approach

« Advantages
— Multiple hardware iterations
— Latent escape(s) show up early
— Low technical risk
— Low schedule risk
— High customer satisfaction

Requirements final
White-wires removal
EM performance
Interface final

Hardware
Iteration

« Challenges
+ Cost impact
» Schedule challenge

Requirement update
Lessons learned
Intermediate performance
Interface refinement

Hardware
Iteration

Customer & requirement
Initial proof of concept
Interface control

Load characteristics

Hardware
Iteration

e o o o
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Hardware Iteration and Delivery
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« Hardware iteration is an effective way to
discover latent design drawbacks for a new
technology or product

» Hardware iteration combines design skills
with design processes early in the
development cycle

« Early successful hardware iterations (and
deliveries) demonstrate your command of the
new technology

« Hardware iterations enhance customer
satisfactions

» Provide your customer with real data to keep
the program “sold” in his or her community

POL Efficiency Improvement o .

« The projected efficiency improvement was confirmed by the measured
results from our IRAD POL breadboard (97%)

IRAD POL CONVERTER (TPSA31RHE)

« = & B = &

APOL POL first hardware iteration produced an
efficiency of 97%
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Waterfall vs. Agile (Iterative) Processes

« Agile process originated from the software engineering where iteration (spiral)
is the ‘king’ and one iteration does not require a lot of funding

—You can remote update software (Use your customer for Alpha- and Beta-runs)
— Updates do not cost much

1/4 2/23 4/14 6/3 7/23 9/11 10/31
BPR1/2
BPR4 ——
|
BPR6 |
m__ |
BPR8 -
|
BPR10 ==
|

Organization planed c Cust_ome?r focpsed
Waterfall activities Q Multlplg iterations
Latent risks 0 Early risks
Inflexible 0 Agile
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Challenges for Multiple Iterations (Agile Hardware)

RN

Major challenges for
hardware iteration

Ability to execute each hardware iteration in a timely fashion is the key
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Insertion Advocacy is a Beautiful Thing
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Leverage previous \

successful insertions /

designs

*Working hardware is a lot
of more convincing

*‘Word of Mouth’ in the

customer community is
golden

Address user
“adoption anxiety”

*Building a strong
business case with $
signs

*Present direct and
derived benefits

N

Approved for Public Release: NG22-0187 © 2022, Northrop Grumman

Insertion Advocacy

*Sell, sell, sell, ...

*Latch onto opportunities
faced by an exiting
design

+Offer performance /
SWaP improvement as
an enabler

N

Robustness for qual,
mfg and test

*Engage them early in the
TD phases

*Perform key WCA for
representative and
stressing cases as early
as possible

Q

Cun®



Insertion: Optimum Insertion Point
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* The technology development time vs. cost curve illustrate best time for

insertion

* Open system approach (product line P/L) drives down the cost which

enables more frequent insertions

« Customer involvement facilitates the process

Tech Tech
Insertio Insertion
06 08
/
Legacy Installations
State o l
the Ar{ l l
Replace TI-04 with TI-08
i3
g
Insert T1-04
State of
fd PO YO, If not replaced,
the Practice it costs more
for less
capability
Y »
»
Optimized Technology TIME
Insertion (TI) Refresh Period
www.navy.mil

F

Quantity 0 500 1,000 1500 2000 2500 3,000

Figure 2

The cost of technology changes in open standards architectures (0SA) is significantly less
than proprigtary architectures. (Source: DoD Open Systems Joint Task Force.)

www.cotsjournalonline.com
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Insertion: Follow a Plan

« Technology Transition Process lterates Within Each Stage, as defined
below, in “TDTS Guide,” by the US Air Force

( Technology Transition W
0OSD | Accepted Practice | Air Force J

Establish

a Team h
g N y N
Formulate Develop Information Coordinate & Update Commit and Approve Transition

. J

( Stage-Gate Separate Phases

N

tl’eam Ready >| Mgmt Approve > | Next Phase

Proof of Refinement Development
Concept Brassboard Breadboard

Prototype Relevant
Environment

Stage-Gate Stage-Gate
3 4
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Insertion: Risk

Risk management needs to involve
your customer for general approach
and top-level plan / architecture

*Avoidable and transferable risk items

Changing business landscape — Schedule compression vs. ability to
competition with new products or execute

technologies, need to update
business case

*Read, read, read, ...

*Good rule of thumb — Compress one
month for a 12-month schedule

Cost — especially FFP, funding profile
Product line vs. point design volatility

* Always a trade-off, know where to stop +Volatility in funding profile impacts
execution

Technical unknown unknowns

*Unintended consequences, unknown
unknowns —
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Insertion: Risk
* Risk Management
Probabilities
Risk events and conse-
and their uences of
. Impact ’ rela:li:quhldps :'isl: events
- iy are define are assessed
! Lt Modum — Higl )
Low v Modia 6 g Assess Consequences may
1 2 3 4 ] Probaility & include cost, schedule,
Consequence technical performance
i Identify 1. Risk 2. Risk impacts, as well as
Ny High Risks Identification Impact capability or function-
p ality impacts
Assessment
Iy
- L Reassess existing Watch- Assess Risk
== risk events and ) listed Criticality
E identify new risk Risk Risks ¥
®  Modum events Tracking
-E Decision-analytic
6: . rules applied to
. 4, Risk 3. Risk_ rank-order identi-
= e T Prioritization fied risk events
";:;'E:iti:cn Risk Mitigation Analysis from "most to
9. least” critical
Implementation,
iary L and Progress :
ottt Risk events assessed as
Monitoring medium or high criticality
P — might go into risk mitiga-
WWW.pg . tion planning and imple-
mentation; low critical
risks might be
tracked/monitored on a
watch list.
WWw.mitre.org
~
‘ &
R
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Ranger Timeline

01 03

Brassboard (Cycle)

A brassboard was built on program with
drive the RF amplifier with reduced noise

PoC (Cycle)

Ranger CTPS started with a breadboard to
demonstrate achievable efficiency/emmision

| pac &

04

Breadboard (Cycle) EM (Cycle)

A breadboard was built on program to A EM was built on program before the Al
demonstrate achievable size/emiision run for oroduction N
reduction ’ N
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TS21 PPU and Propulsion Subsystem Timeline S

01 03

Brassboard (Cycle)

PoC (Cycle)
A EM was built on program that drove the X3

TS21 started with a high-fidelity breadboard
with a coupling test at NASA GRC thruster and DCIU for autonomous operation

02 * 04

Brassboard (Cycle) EM (Cycle)

DS  ol) on program 0 qualification at AFRL under vacumm
demonstrated full funcntionality e
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An EM was built on program to complete fii!
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APOL Timeline
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01

PoC (Cycle)

APOL started with an idea and a bloock
diangram on IRAD

Breadboard (Cycle)

A breadboard was built on IRAD to
demonstrated improved performance

)

NNV M A

g %

S

3 Z
s =
= 1
- =
= S
2 S
E -~
2

W\

/i

>
ATV

7

03

Brassboard (Cycle)

A brassboard was built on CRAD with
significant customer satisfaction

EM (Cycle)

A generic EM was built on IRAD to secuiré
insertion tnto major programs
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Insertions

 Insertions into major programs and product lines

— Payload-E

- ECA

 POLs

* ASICs
—P093

« Many designs
—CPC

 Altima Comms

* NASA GaN Amp

Next-Gen Product Line
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